Glycoside hydrolase family 13 contains exo-glucosidases specific for α-(1→4)-and α-(1→6)-linkages including α-glucosidase, oligo-1,6-glucosidase, and dextran glucosidase. The α-(1→6)-linkage selectivity of Streptococcus mutans dextran glucosidase was altered to α-(1→4)-linkage selectivity through site-directed mutations at Val195, Lys275, and Glu371. V195A showed 1,300-fold higher k cat /K m for maltose than wild-type, but its k cat /K m for isomaltose remained 2-fold higher than for maltose.
Introduction
1 conserved in the α-(1→6)-specific glucosidases (Table 1 ). Mutant enzymes of 1 α-(1→6)-specific glucosidases, in which the conserved Val and its neighboring amino 2 acid residues were mutated, hydrolyzed the α-(1→4)-glucosidic linkage, but the mutants 3 retained hydrolytic activity toward the α-(1→6)-linkage in all the cases [4, 5] . This 4 suggests that other important amino acid residues (i.e., structural elements) involved in 
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Lys275 and Glu371, located on the long β→α loop 6 and the second α-helix on β→α 23 loop 8 (Aα8ʹʹ), respectively, are predicted to be involved in the recognition of the 24 α-(1→6) glucosidic linkage as described above (Fig. 1 values of VKE for isomaltose and maltose were 500-fold lower and 1,600-fold higher, isomaltase activity, but enhanced hydrolytic activity to α-(1→4)-glucosidic linkage.
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On the other hand, the substitutions of the other two amino acid residues, resulting in 24 the large loss of isomaltase activity, did not give maltase activity. Therefore V195A 25 mutation is the most significant mutation to affect recognition of scissile (Table 1) . In SmDG, Trp276 forms an aromatic stacking 2 interaction with Tyr375, which is contained in the Aα8ʹʹ helix together with Glu371 (Fig.   3 1). The substitution of Trp276 with Ala resulted in large loss of hydrolytic activities 4 towards both isomaltase and maltose (Table 3 ). The k cat /K m of W276A for isomaltose 5 was 3,500-fold higher than that for maltose, and the selectivity of glucosidic linkage in 6 wild-type SmDG was retained in this mutant enzyme. Thus Trp276 does not directly 7 contribute to the selectivity of glucosidic linkage. The Asp residue is completely 8 conserved at the position two residues before the Glu (Glu371 in SmDG), and a 9 hydrophobic amino acid residue is found between the Asp and Glu. These sequence 10 features should help to identify enzymes with regioselectivity for the α-(1→6)-linkage. Figure caption The active site region of SmDG (complex of E236Q and isomaltotriose; protein data 9 bank code, 2ZID), including Val195, Lys275, and Glu371, is shown. 
